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Process for dehydrogenation of beta-hydroxy steroids. 

(57) This invention relates to the dehydrogenation of 
3-/3-hydroxy steroids, such as a mixture of soy sterols, to form 
the corresponding A 4 -3-keto derivatives of the steroids. 
Copper or palladium is used as the catalyst and a dialkyl 
ketone is used as a solvent. 
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PROCESS FOR DEHYDROGENATION OF 3-B-HYDROXY 

. STEROIDS 

This invention relates to the dehydrogena- 
tion of 3-3-hydroxy steroids, such as a mixture of 
5 soy sterols to form the corresponding A^-3-keto de- 
rivatives of the steroids using as a catalyst 
either copper or palladium and using as the solvent a 
dialkyl ketone. 

The naturally occurring phytosterol compon- 

10 ents of vegetable oils, such as soy oils are composed 
of mixtures of phytosterols . These phytosterols can 
be used in the preparation of pharmaceuticals, such 
as progesterone , which also can be used to prepare 
other steroids, such as cortisone. The first step in 

15 the preparation of progesterone from soy sterols in- 
volves the dehydrogenation of the sterols to form the 
A 4 -3_keto derivatives. The 36-OH of the sterol is 
dehydrogenated to a ketone with rearrangement of the 
A 5 double bond into conjugation with the ketone. Cat- 

20 alytic dehydrogenation is an economical method for 
this oxidation-rearrangement process. Catalytic de- 
hydrogenation provides a process for dehydrogenation 
of A^-sterols to ketones with a simultaneous shift 
of the A^ double bond to the position in conjuga- 

25 tion with the carbonyl group. Raney nickel has been 
used for this reaction, as disclosed in Chakravarti, 
Chakravarti, and Mitra, Nature , 193 , 10?1 (1962) or 
in the presence of a hydrogen acceptor as disclosed 
in E. C. Kleiderer, and E. C. Kornfeld, Org. Chem. , 

30 2JL_ ^55 (19^8) and Kleiderer, Rice, Conquest and 

Williams, U.S. Dept. of Commerce, Office of the Pub- 
lication Board, Report PB 981, 19^5. 

The reaction disclosed by Kleiderer et al 
was carried out with Raney nickel as a catalyst and 

35 cyclohexanone as a hydrogen acceptor. The reaction 
was carried out for a period of 2k hours and the 
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yield of product varied from 30 to 80 percent. After 
completion of the reaction catalyst was filtered from 
the reaction mixture and solvent was removed by dis- 
tillation. Further treatment of the residue with 
ether, filtering and recrystallization with ethanol 
were required to obtain the desired reaction product. 

In accordance with this invention product 
yields at least as high as the prior art can be 
obtained and the further treatment of the residue can 
be eliminated. The product can be obtained by the 
simple procedure of filtration of the catalyst and 
evaporation of solvent. In this invention 3-3-hy- 
droxy steroids, such as mixtures of soy sterols, are 
dehydrogenated to form the corresponding A^-3-keto 
derivatives using copper or palladium as a catalyst 
and a dialkyl ketone as a solvent. 

The dehydrogenation can be carried out over 
periods of time from 8 to 30 hours, preferably 10-24 
hours and most preferably 14-18 hours. The temperature 
at which the dehydrogenation is carried out is from 
200-350°C, preferably 250-325°C and most preferably 
275-300°C. At temperatures lower than 200°C. , the rate 
of dehydrogenation is too slow for effective reaction. 
At temperatures greater than 350°C. dehydration occurs 
with some decomposition of the steroids. The dialkyl 
ketone solvent can be any lower alky 1 ketone, such as 
dimethyl ketone, diethyl ketone, dipropyl ketone, di- 
butyl ketone, methyl ethyl ketone and methyl butyl 
ketone. The amount of solvent used depends on whether 
the process of the present invention is to be operated 
as a batch process or a continuous process. A greater 
amount of solvent is generally needed to operate a 
continuous process, however, an amount of solvent five 
times the amount of steroids employed is generally 
satisfactory for both types of processes. 
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The catalyst preferably Is a particulate 
metallic material having a large surface area. Forms 
of such catalyst therefore can be, for example, in the 
form of dust or other large surface area forms of cop- 
^ per such as copper wire or gauze. The palladium 

should likewise have a large surface area and should 
be in the form of sponge or other similar large sur- 
face area forms of palladium. The amount of catalyst 
employed varies with the amount of steroids used and 

10 the speed of reaction desired for the dehydrogenation 
reaction. Generally, an amount of catalyst used can 
be equal to about 20 to 40 percent, preferably 25 to 
30 percent, based on the weight of the steroids to be 
dehydrogenated . 

15 EXAMPLE 1 

To 300 g. of mixed soy sterols (-20% stig- 
masterol) in 1500 ml of methyl ethyl ketone was added 
100 g. of copper wire. After heating at 275°C. 16 hrs, 
in a rocking autoclave, the A^-3-keto derivatives of 

20 soy sterols were isolated by filtering the catalyst 
and evaporation of the solvent from the filtrate 
(isolated 291 g.)- The A^-3-keto derivatives of soy 
sterols are then reacted by ozonolysis to form 3- 
ketodinor-i|-chclen-22-aldehyde which can be isolated 

25 from the other A _3_keto derivatives of soy sterols 
by either chromatography or by treatment with sodium 
bisulfite and extraction with a suitable organic sol- 
vent such as toluene. 
EXAMPLE 2 

30 To 200 g. of mixed soy sterols (r-20% stig- 

masterol) in 1500 ml of methyl ethyl ketone was added 
50 g. of palladium sponge. After heating at 300°C. 
8 hrs. in a rocking autoclave, the A^-3-keto deriva- 
tives of soy sterols were isolated by filtering the 

35 catalyst and evaporation of the solvent from the fil- 
trate to obtain 205 g. of A^-keto derivatives of 
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soy sterols. 
EXAMPLE 3 

Cholesterol (2k g), methyl ethyl ketone. 
(150 ml), and copper (6.5 g) were heated in a rocking 
autoclave at 275°C. for 8 hrs. An analysis by gas 
chromatography Indicated 60% unreacted cholesterol 
and 30% 4-cholesten-3-one . The mixture was reheated 
in the rocking autoclave at 275°C. for 8 more hours 
and then the catalyst was filtered and the solvent 
evaporated in vacuo from the filtrate to give 23 g. 
solids analyzed by gas chromatography to show 11% 
cholesterol and 15% 4-cholesten-3-one . Approximately 
90% of the cholesterol was converted to 4-cholesten- 
3-one in 83? yield, 

EXAMPLE jj \ 

Cholesterol (20 g) 9 methyl ethyl ketone 
(150 ml), and palladium sponge (5.0 g) were heated in 
a rocking autoclave at 300°C. for 16 hr. Analysis 
of an aliquot of the reaction solution by gas chroma- 
tography showed 9% cholesterol and 91? 4-cholesten- 
3-one. The catalyst was filtered and. the filtrate was 
concentrated in vacuo to give 20.5 g white solids. 
Approximately 90% of the cholesterol was converted to 
Jj-cholesten-3-one in the presence of palladium. Simi- 
lar results can be obtained if cholesterol is replaced 
with sitosterol. 

The process of the present invention pro- 
vides an improved method for the dehydrogenation of 
3-g-hydroxy steroids to provide A^-^-ketosteroids . 
These l)-en-3-ones derivatives can be used to provide 
materials useful for preparation of valuable steroids 
such as the cortical steroids. 
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Claims : 

1.. A process for dehydrogenating 3-B-hy- 
droxy steroids to form the corresponding A^-3-keto 
derivatives characterized by using copper or palla- 
5 dium as a catalyst and a dialkyl ketone as a solvent. 

2. A process according to Claim 1 wherein 
the catalyst is copper. 

3« A process according to Claim 1 wherein 
the catalyst is palladium. 
10 4. A process according to Claim 1 wherein 

methyl ethyl ketone is the solvent. 
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